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® Apparatus and method for determining the tension on a ligament graft. 



© An instrument for determining the variation in 
tension of a ligament graft extending between first 
and second proposed fixation sites positioned on 
first and second articulated bones, respectively, 
comprises a yoke (16) which carries a device for 
securing the yoke to one of the first and second 
bones. A yoke plate (18) is rotatable carried by the 
^yoke. A main housing (60) is adapted for connection 
(j) to the yoke plate. A sled (78) is slidably carried by 
00 the main housing. The sled is adapted for connec- 
^tion to the ligament graft. A mechanism (85, 91) is 
0) provided for adjusting the position of the sled rete- 
ntive to the housing so as to place a desired degree 
"of tension on the ligament graft. A transducer (87) is 
O associated with the mechanism for adjusting for de- 
O^termining changes in tension, if any, from the de- 
yj sired degree of tension as the first and second 
bones are moved relative to one another. 
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APPARATUS AND METHOD FOR DETERMINING THE TENSION ON A LIGAMENT GRAFT 



The present invention is directed generally to 
determining the tension on a replacement device 
and more particularly to the tension on, and hence 
the optimal placement of, a cruciate ligament re- 
placement. 

It is known to replace various parts of the 
human body with artificial parts. In one application, 
ligaments which have been damaged beyond re- 
pair or diseased can be replaced with artificial 
ligaments. The artificial ligament should function 
the same as, or as closely as possible to, the 
original ligament. To achieve proper functioning of 
the artificial ligament, the position of the ligament 
must be precisely determined so that the tension 
experienced by the ligament as the articulated 
bones to which it is attached move relative to each 
other approximates that experienced by the original 
ligament. However, due to the unavoidable differ- 
ences in joint configurations (both geometric and 
kinematic) from one patient to the next in the 
normal knee, which is compounded in joints which 
have been previously operated upon, are diseased, 
or the like, the optimal placement of any device 
purporting to replicate the function of the original is 
not obvious without precise measurements of the 
nature of the forces to be experienced in situ. 

U.S. Patent No. 4,712,542 discloses a method 
and apparatus for establishing in situ ligament graft 
orientation and isometry, particularly for replace- 
ment of the anterior and posterior cruciate liga- 
ments. The ligament graft is extended from one 
fixation site and is attached to a sled slidably 
carried by a frame. The frame is skeletally moun- 
ted to the other fixation site. A thumb nut and lead 
screw assembly carried by the frame are operative 
to compress a spring in the sled and move the sled 
in a direction effective to increase the tension in 
the graft. A pointer cooperates with force indicia to 
provide an indication of force while two means are 
provided for indicating the longitudinal position of 
the sled relative to the frame. Various measure- 
ments are taken with the articulated bones at var- 
ious degrees of flexion and the ligament graft ex- 
posed to a constant tension. Isometry is achieved 
whe the relative position of the frame and sled 
remain substantially unchanged through the entire 
range of motion. 

The aforementioned device is somewhat cum- 
bersome to use in that for each position of the 
articulated bones, the pointer must be read to 
insure that the force on the ligament graft is con- 
stant. If not, then the thumb nut must be operated 
to reestablish the desired tension. Thereafter, the 
position of the sled relative to the frame is deter- 
mined. After several readings, if the position of the 



sled relative to the frame stays within acceptable 
limits, the fixation sites are deemed acceptable. 
Additionally, error may be introduced in the afore- 
mentioned device by virtue of the use of the spring 
5 in line with the ligament graft. The spring's expres- 
sion and contraction effectively changes the fixation 
site thus introducing errors in the tension measure- 
ments. 

The need exists for an apparatus which is easy 

io to use and provides an accurate reading of the 
tension experienced by the ligament with respect 
to proposed fixation sites. Preferably, a continuous 
reading of the tension is provided so that infer- 
ences needn't be drawn based on changes in 

75 length at a few points within the range of move- 
ment of the articulated bones. 

The present invention in its broadest form is 
directed to an instrument for determining the vari- 
ation in tension of a ligament graft extending be- 

20 tween first and second proposed fixation sites posi- 
tioned on first and second articulated bones, re- 
spectively. The instrument comprises a yoke which 
carries a device for securing the yoke to one of the 
first and second bones. A yoke plate is rotatable 

25 carried by the yoke. A main housing is adapted for 
connection to the yoke plate. A sled is slidably 
carried by the main housing. The sled is adapted 
for connection to the ligament graft. A mechanism 
is provided for adjusting the position of the sled 

30 relative to the housing so as to place a desired 
degree of tension on the ligament graft. A trans- 
ducer is associated with the mechanism for adjust- 
ing for determining changes in tension, if any, from 
the desired degree of tension as the first and 

35 second bones are moved relative to one another. 

The present invention also includes a method 
of using the instrument of the present invention 
which method comprises the steps of positioning 
an impactor on a footplate; aligning an alignment 

40 pin of the impactor in a bore in one of the first and 
second bones; securing the footplate to one of the 
first and second bones; removing the impactor and 
connecting a housing carrying a sled, a mechanism 
for adjusting the position of the sled relative to the 

45 housing, and a transducer to the footplate; connect- 
ing the ligament graft to the sled; adjusting the 
tension on the ligament graft to place a desired 
degree of tension on the ligament graft; and mea- 
suring changes in tension from the desired degree 

so of tension as the first and second bones are moved 
relative to one another. 

According to one aspect of the present inven- 
tion, there is provided a method of measuring the 
variation in tension of a ligament graft extending 
through a bore between a first and second fixation 
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sites positioned on first and second articulated 
bones, respectively, comprising the steps of: posi- 
tioning an alignment device on a footplate; using 
the alignment device to position the footplate rela- 
tive to the bore; securing said footplate to one of 
the first and second bones; removing said align- 
ment device and connecting a housing carrying a 
sled, means for adjusting the position of said sled 
relative to said housing, and a transducer to said 
footplate; connecting the ligament graft to said 
sled; adjusting the tension on the ligament graft to 
place a desired degree of tension on the ligament 
graft; and measuring changes in tension from said 
desired degree as the first and second bones are 
moved relative to one another. 

The step of securing may include the step of 
driving spikes carried by said footplate into one of 
the first and second bones, or inserting two 
crossed Kirshner wires. Connecting the ligament 
graft may include inserting a drill guide sleeve 
carried by said sled through a loop in the end of 
the ligament graft and rotating said main housing 
with respect to said footplate so that said drill guide 
sleeve is perpendicular to said one of the first and 
second bones. During rotation of the main housing, 
the ligament tension may remain constant. 

The instrument and method of the present in- 
vention are particularly well suited for use in the 
replacement of the anterior and posterior cruciate 
ligaments of the knee. 

The instrument of the present invention pro- 
vides a transducer which is in line with the ligament 
graft. Because the transducer's linear dimension 
does not change, no error is introduced by virtue of 
changing the proposed fixation site. Additionally, a 
continuous reading is provided throughout the full 
range of motion of the articulated bones rather than 
a few data points at selected degrees of flexion. 
Finally, the instrument provides a direct reading of 
the in situ tension such that conversions or ex- 
trapolations are unnecessary. Those and othe ad- 
vantages and benefits of the present invention will 
become apparent from the Description of a Pre- 
ferred Embodiment hereinbelow. 

In order that the present invention may be 
easily understood and readily practiced, a pre- 
ferred embodiment will now be described, by way 
of example only, in conjunction with the following 
figures wherein: 

FIG. 1 is a perspective view of a footplate in 
an unlocked position; 

FIGs. 2 and 3 are exploded, perspective 
views taken from opposite sides of the footplate 
illustrated in FIG. 1; 

FIGs. 4 and 5 are front and rear perspective 
views, respectively, of an impactor; 

FIG. 6 is a side view of the impactor con- 
nected to the footplate with the footplate in a 



locked position and a guide pin of the impactor 
engaging a tibial tunnel; 

FIG. 7 is a top plan view, with parts broken 
away, of a full tensiometer assembly; 
5 FIG. 8 is a perspective view of a main hous- 

ing of the tensiometer assembly; 

FIGs. 9 and 9A illustrate top and side views, 
respectively, of a sled and tension bolt; 

FIG. 10 is an exploded view of the parts 
10 carried by the sled and tension bolt; 

FIG. 11 illustrates the full tensiometer as- 
sembly connected to the footplate with the foot- 
plate in the locked position and firmly attached to 
the tibia; 

rs FIG. 12 illustrates the footplate firmly at- 

tached to the tibia; 

FIG. 13 illustrates the tensiometer connected 
to the footplate while the footplate is firmly con- 
nected to the tibia and in the unlocked positioned 

20 for drilling of a screw guide hole in the tibia; and 

FIG. 14 illustrates a ligament graft being 
attached to the tibia. 

The instrument of the present invention is com- 
prised of three parts, a footplate 10 illustrated in 

25 FIG. 1, an impactor/alignment device 12 illustrated 
in FIGs. 4 and 5, and a tensiometer assembly 14 
illustrated in FIG. 7. The instrument is primarily 
intended for use in determining the optimal place- 
ment of a ligament graft, and is particularly well 

30 suited for determining the optimal placement of a 
cruciate ligament replacement. The replacement 
device may be used in conjunction with any of 
several options such as a tissue graft, prosthetic, 
etc. The use of the present invention is not depen- 

35 dent on the nature of the proposed replacement 
device. 

It is important to understand that at the present 
time it is not possible to replace the exact kinemat- 
ics of the knee. However, an acceptable set of 

40 kinematics can be provided but such acceptability 
can only be judged by precise measurements. The 
primary use of the instrument of the present inven- 
tion is therefor to allow the measurement of the 
variation in tension that occurs in the replacement 

45 device as a result of the placement parameter 
selection. 

Tension is first tested by placing a trial device 
from the femur, through the joint space, and out of 
the tibia. The trial device must be a small diameter 

so device capable of sustaining a tension load and 
having an elastic spring constant similar to the 
ultimate replacement device. The trial device will 
be fixed at the femoral end to the femur and the 
tensiometer 14 is then interposed between the trial 

55 device and the tibia. Any regimen of tests can now 
be applied to the joint to determine the variation in 
tension that will occur in the final replacement 
device. Those forces can be measured without 
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allowing any motion of the tibia relative to the 
femur that would not occur with the final device in 
place. 

The load measuring device of the present in- 
vention is a solid state device or a load cell. An 
essential feature of the load cell is that it's spring 
constant or unit deformation per unit load is very 
small. Any load measuring device that satisfies that 
criteria is satisfactory. That is of critical importance 
because the measuring device is interposed in line 
with the replacement device and any deformation 
or elongation of the measurement device will dis- 
tort the system and falsify the apparent load. 

The trial device is small in diameter to allow 
the bony tunnels to be small enough that they can 
be replaced if necessary to obtain the best replace- 
ment kinematics for the joint. When an acceptable 
set of mechanics has been determined, the trial 
device is removed and the bony tunnels enlarged 
to accommodate the device being used to replace 
the ligament. The instrument of the present inven- 
tion may then be used again to apply the proper 
tension to the final device. 

A perspective view of the footplate 10 is illus- 
trated in FIG. 1 while two different exploded, per- 
spective views are illustrated in RGs. 2 and 3. The 
footplate 10 is constructed of a yoke 16 and a yoke 
plate 18. The yoke 16 is a substantially U-shaped 
member having a first leg 20 connected to a sec- 
ond leg 22 by a connecting portion 24. Each of the 
legs 20 and 22 carries a device for firmly attaching 
the yoke 16 to one of a pair of articulated bones 
such as the tibia. In the embodiment shown in the 
figures, that attachment device takes the form of 
spikes 26 and 28 carried by the first and second 
legs 20 and 22, respectively. In the alternative, 
each spike 26 and 28 may be replaced by a bore 
suitable for allowing the yoke 16 to be attached to 
the tibia through the use of Kirshner wires. The 
connecting portion 24 of the yoke 16 has a pair of 
bores 30 and 32 extending therethrough at an 
angle. The bores 30 and 32 can each receive a 
Kirshner wire such that when the footplate 10 is 
attached to the tibia, two crossed Kirchener wires 
can be used to firmly affix the footplate 10. 

Each of the legs 20 and 22 has a first aperture 
44 and a second aperture 48 extending thereth- 
rough. The function of those apertures is discussed 
below in conjunction with the yoke plate 18. 

The yoke plate 18 carries a pair of blunt pins 
34 and 36. The blunt pins facilitate connection of 
the yoke plate 18 with the impactor 12 or ten- 
siometer assembly 14 as explained more fully 
hereinbelow. The yoke plate 18 includes a pair of 
hinge members 38 and 40 extending in a direction 
opposite from the direction in which the blunt pins 
34 and 36 extend. Each of the hinge members 38 
and 40 has a first aperture 42 extending thereth- 



rough. The first aperture 42 of the hinge member 
38 may be aligned with the first aperture 44 of the 
first leg 20 while the first aperture 42 of the hinge 
member 40 may be aligned with the first aperture 
s 44 of the second leg 22. After alignment, hinge 
pins (not shown) may be inserted through the 
aforementioned aligned apertures such that yoke 
plate 18 is rotatably carried by the yoke 16. 

Each of the hinge members 38 and 40 carries 

10 a second aperture 46. Upon rotation of the yoke 
plate 16 in a counterclockwise direction as shown 
by the arrow in FIG. 1, the second apertures 46 of 
the hinge members 38 and 40 can be brought into 
alignment with the second apertures 48 of the first 

75 and second legs 20 and 22, respectively. Upon 
alignment of the aforementioned apertures, a lock- 
ing wire 50 seen in FIG. 12 may be inserted 
through the aligned apertures to maintain the foot- 
plate in the locked position. Thus, the footplate 10 

20 may assume an unlocked position as shown in FIG. 
1, or a locked position as shown in FIG. 12. 

The impactor 12 of the present invention is 
illustrated in perspective in FIGs. 4 and 5. The 
impactor 12 has a rear portion 51 which is capable 

25 of absorbing a substantial amount of force as would 
be generated when the impactor 12 is struck, for 
example, with a hammer. A front portion 52 of the 
impactor 12 carries a first aperture 54 adapted for 
receiving the first blunt pin 34 of the yoke plate 18 

30 and a second aperture 56 adapted for receiving the 
second blunt pin 36 of the yoke plate 18. In that 
manner, the impactor 12 may be carried by the 
footplate 10 as shown in FIG. 6. As can be seen 
from the figures, the front portion 52 of the impac- 
ts tor 12 has a shape which is complimentary to the 
shape of the footplate such that force absorbed by 
the rear portion 51 may be efficiently transmitted to 
the footplate 10. 

The front portion 52 of the impactor 12 carries 

40 an alignment pin 58. When the impactor 12 is 
carried by the footplate 10 as shown in FIG. 6, the 
alignment pin 58 extends through the open portion 
of the U-shaped yoke 16. The alignment pin 58 is 
carried by the front portion 52 in such a manner 

45 that when the footplate is in the locked position as 
shown in FIG. 6, the alignment pin 58 is substan- 
tially parallel to the first and second spikes 26 and 
28. In the event the spikes 26 and 28 are elimi- 
nated in favor of a pair of Kirshner wires, the pin 58 

so need only be in line with a bony tunnel 59 as 
illustrated in Fig. 6. Various impactors with align- 
ment pins 58 extending at angles which are, for 
example, in ten degree increments may be pro- 
vided so that the surgeon can select the proper 

55 impactor. The function of the alignment pin is dis- 
cussed hereinbelow. 

The third part of the present invention is the 
tensiometer assembly 14 which is shown in FIG. 7. 
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The tensiometer assembly 14 is comprised of a 
main housing 60, a perspective view of which is 
illustrated in FIG. 8. The main housing 60 has a 
forward clamping portion 62. The forward clamping 
portion has a first horizontal aperture 64 intersected 
by a first vertical aperture 65 and a second hori- 
zontal aperture 66 intersected by a second vertical 
aperture 67. The horizontal apertures 64 and 66 of 
the main housing 60 are adapted to receive the 
blunt pins 34 and 36, respectively, of the yoke 
plate 18. The vertical apertures 65 and 67 are 
adapted to receive set screws 69 which set screws 
hold bearings (not shown) to enable a ball detent 
junction with the blunt pins 34 and 36 positioned in 
the horizontal apertures 64 and 66, respectively. In 
that manner, the tensiometer 14 can be securely 
fastened to the footplate 10 as shown in FIG. 11. 

The main housing 60 has a central open area 
70 which is bounded by slots 72 and 74. The slots 
72 and 74 are adapted to receive wings 76 of a 
sled 78 seen best in FIG. 9. When the wings 76 of 
the sled 78 are positioned in slots 72 and 74, the 
movement of the sled 78 is restricted to horizontal 
translation as viewed in FIG. 7. 

Referring to FIGs. 7 and 9, the rear portion of 
the main housing 10 has an aperture therethrough 
which has four different diameters as indicated by 
reference numbers 80 through 83. At reference 
numeral 80, the aperture has a diameter sufficient 
to allow a threaded bolt 85 to pass therethrough. 
The threaded bolt 85 is fixedly carried by the sled 
78 as shown in FIG. 9A, and extends beyond the 
main housing 60 as shown in FIG. 7. The diameter 
of the aperture at 81 is sufficient to enable a 
transducer 87 to fit therein. The transducer 87 may 
be a load cell or load washer such as those avail- 
able from Kistler. The load cell fits within the ap- 
erture at diameter 81 in such a manner that a small 
portion of the load cell extends into the aperture in 
the area of diameter 82. 

The aperture at diameter 82 is sufficient to 
receive a forwardly extending portion 89 of a 
threaded nut 91. The threaded nut 91 is then 
threaded upon the threaded bolt 85 until the ex- 
tending portion 89 contacts the transducer 87. In 
such a configuration, rotation of the threaded nut 
91 in one direction urges the sled 78 toward the 
threaded nut 91 while rotation of the threaded nut 
91 in the opposite direction urges the sled 78 away 
from the threaded nut 91. Additionally, movement 
of the transducer 87 is restrained in one direction 
by virtue of the main housing 60 and is restrained 
from movement in the other direction by the ex- 
tended portion 89 of the threaded nut 91 . 

The diameter of the aperture at 83 is slightly 
larger than the diameter of the aperture at 82 so as 
to form a groove. Spring loaded balls 93 carried by 
the extended portion 89 ride in the groove formed 



by the larger diameter of the aperture at 83. The 
spring loaded balls 93 establish a minimal amount 
of drag on the threaded nut 91 such that the 
threaded nut 91 does not inadvertently move. They 

5 also prevent the threaded nut from failing away 
from the main housing 60 in the event that the 
threaded bolt is removed therefrom. 

The main housing 60 also carries a slot 95, 
best seen in FIG. 8, through which transducer wires 

10 97 may extend when the transducer is positioned 
within the man housing 60 as illustrated in FIG. 7. 

Returning to FIG. 9, sled 78 has an aperture 99 
extending therethrough. The aperture 99 is adapted 
to receive a drill sleeve 102. The drill sleeve 102 

15 may be held in place by spring loaded balls 105, 
or other suitable means of fixation, positioned with- 
in threaded bores 107. The drill sleeve 102 has a 
central bore 104 adapted for receiving a drill bit or 
the like. The drill sleeve 102 has a first end 106 

20 adapted for receiving a loop formed in either a trial 
ligament or the ligament graft. Alternatively, the 
sled can be constructed to mate with a variety of 
different tools. The complete tensiometer assembly 
14 is shown connected to the footplate 10, with the 

25 footplate 10 in the locked position, in FIG. 11. 

A method of using the apparatus of the present 
invention will now be described in conjunction with 
FIGs. 6 and 11 through 14 wherein the cruciate 
ligament of the knee is being replaced. However, 

30 the apparatus and method of the present invention 
can be used to measure the variation in tension of 
a ligament graft extending through a bore between 
first and second fixation sites positioned on first 
and second articulated bones, respectively. 

35 Referring to FIG. 12, as is known, the cruciate 

ligament is connected at one end to a femur 112 
and at the other end to a tibia 110. Replacement of 
the cruciate ligament requires at least one tunnel 
108 in the tibia 110. There are alternatives for the 

40 path of the replacement ligament at the femoral 
side of the joint. When the tibial tunnel 108 has 
been drilled and the femoral path has been de- 
cided, including a fixation site 113 on the femur 
112, the impactor 12 is connected to the footplate 

45 10 with the footplate in the locked position as is 
shown in FIG. 6. The alignment pin 58 of the 
impactor 12 fits into the bony tunnel 59 which in 
this example is the tibial tunnel 108. With the 
alignment pin thus positioned, the first and second 

50 spikes 26 and 28 may be driven into the tibia 110 
by supplying sufficient force to the rear portion 51 
of the impactor 12, such as with a hammer, in the 
direction indicated by arrow 124. As the spikes 26 
and 28 are driven into the tibia 110, the alignment 

55 pin 58 advances in the tibial tunnel 108 thus insur- 
ing that the footplate 10 is precisely positioned 
relative to the exit of the tunnel 108 from the tibial 
surface. 
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If an alternative embodiment is used which 
employs the Kirshner wires instead of the spikes, 
then an impactor having a guide pin 58 having the 
desired angle is used. After the guide pin is fully 
inserted into the tibial tunnel 108 and the footplate 
properly positioned, the two Kirchener wires used 
in place of the spikes are inserted. 

Referring back to FIG. 12, before the impactor 
12 is removed, a pair of crossed Kirchener wires 
114 and 11 6 are inserted into the tibia 110 through 
the bores 30 and 32 of the footplate 10. The 
Kirchener wires 114 and 116 lock the footplate 10 
onto the tibia 110. After that is completed, the 
impactor 12 can be removed and replaced by the 
tensiometer 14 as shown in FIG. 11. 

With the tensiometer 14 so positioned, a loop 
118 (seen best in FIG. 12) formed in a ligament 
graft 120 is positioned around the first end 106 of 
the sleeve 102. It should be apparent to those of 
ordinary skill in the art that the procedure being 
described herein is first performed with a trial de- 
vice (not shown) having a much smaller diameter 
than the diameter of the ligament 120 seen in 
FIGS. 11 through 14. When an acceptable set of 
mechanics has been determined with the trial de- 
vice, the trial device is removed and the tibial 
tunnel 108 enlarged to accommodate the replace- 
ment ligament 120. Thereafter, the regimen of tests 
used to establish the acceptable set of mechanics 
can be performed again on the ligament 120 to 
confirm the fixation sites. 

Returning to FIG. 11, with the tensiometer 14 
thus positioned, the threaded nut 91 is rotated to 
provide a desired degree of tension on the liga- 
ment 120 as indicated by the output of the trans- 
ducer 87. The output of the transducer 87 may be 
a continuous readout of the tension sensed by the 
transducer 87 and/or a strip chart recorder. After 
establishing the initial degree of tension, the joint 
may be moved through a complete range of motion 
or any desired regimen of tests can be performed 
while the forces developed can be viewed and 
recorded. When the surgeon is satisfied that the 
fixation sites are correct, the locking wire 50 is 
removed and the yoke plate 18 rotated so that the 
footplate 10 is in the unlocked position as shown in 
FIG. 13. With the footplate 10 in the unlocked 
position, the drill sleeve 102 is positioned per- 
pendicularly with respect to the surface of the tibia 
110. With such an orientation, a drill 122 or the like 
may be inserted in the bore 104 of the drill sleeve 
102 to drill a pilot or guide hole for a screw. The 
drill sleeve 102 protects the ligament 120 while the 
pilot hole is being drilled. Thereafter, the instru- 
ment of the present invention may be removed and 
the replacement ligament 120 attached to the fix- 
ation site as determined by the position of the pilot 
hole. That is shown in FIG. 14. 



At different times during the surgery, the ten- 
siometer 14 can be removed to facilitate the sur- 
geon's work without jeopardizing the accuracy of 
the position of the replacement ligament 120 be- 

5 cause the footplate 10 is securely fastened to the 
tibia 110. The sled 78 of the tensiometer 14 can 
accommodate a variety of tools (not shown) which 
can be attached to the replacement ligament 120. 
Such flexibility is desireable so that the present 

10 invention can be used for implanting a broad range 
of replacement devices. Additionally, the sled 78 
can be fitted with a small tool, like a nerve hook 
(not shown), to be used arthroscopicaliy to test the 
integrity of the ligament by allowing the surgeon to 

15 measure the force that he is putting on the liga- 
ment in the joint to deform it. In that use, the 
footplate 1 0 is not necessary. 

In addition to varying sled designs, there is no 
reason to restrict the instrument of the present 

20 invention to a measurement of compression only. A 
transducer capable of measuring both tension and 
compression may be provided or a second trans- 
ducer positioned in a mirror image fashion to the 
transducer 87 may be provided. 

25 While the present invention has been de- 

scribed in conjunction with a preferred embodiment 
thereof, many modifications and variations will be 
readily apparent to those of ordinary skill in the art. 
For example, two instruments constructed accord- 

30 ing to the teachings of the present invention may 
be used simultaneously to replace both the anterior 
and posterior cruciate ligaments. Another modifica- 
tion could include eliminating the guide pin 58 from 
the impactor and providing the impactor with a slot 

35 to receive the end of the pilot drill extending 
through the tibial tunnel. This disclosure and the 
following claims are intended to cover all such 
modifications and variations. 

40 

Claims 

1. An instrument for determining the variation 
in tension of a ligament graft extending between 
45 first and second fixation sites positioned on first 
and second articulated bones, respectively, com- 
prising: 

a yoke, said yoke carrying means for securing said 
yoke to one of the first and second bones; 

so a yoke plate rotatable carried by said yoke; 

a main housing, said housing being adapted for 
connection to said yoke plate; 
a sled slidably carried by said main housing, said 
sled being adapted for connection to the ligament 

55 graft; 

means for adjusting the position of said sled rela- 
tive to said housing so as to place a desired 
degree of tension on the ligament graft; and 
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transducer means associated with said means for 
adjusting for determining changes in tension from 
said desired degree as the first and second bones 
are moved relative to one another. 

2. The instrument of claim 1 wherein said yoke 
is U-shaped and wherein said means for securing 
includes spikes extending at an angle from the legs 
of said U-shaped yoke. 

3. The instrument of claim 2 additionally com- 
prising an impactor adapted for connection to said 
yoke plate, said impactor carrying an alignment pin 
adapted for insertion into a pilot hole drilled 
through one of the bones, said alignment pin ex- 
tending from said impactor at an angle such that 
said alignment pin is substantially parallel to said 
spikes. 

4. The instrument of claim 1 wherein said 
means for adjusting the position of said sled in- 
cludes a threaded bolt carried by said sled, and a 
threaded nut positioned such that said main hous- 
ing prevents lateral movement thereof, said nut 
receiving said threaded bolt such that rotation of 
said nut in one direction urges said sled toward 
said threaded nut and rotation in the other direction 
urges said sled away from said threaded nut. 

5. The instrument of claim 4 wherein said tran- 
sducer means is interposed between said threaded 
nut and said main housing so as to be in line with 
the ligament graft. 

6. The instrument of claim 5 wherein said tran- 
sducer means includes a load cell. 

7. The instrument of claim 1 wherein said yoke 
plate can be rotated between a first position 
wherein said main body is in line with the ligament 
graft and a second position wherein said main 
body is parallel to one of the bones. 

8. The instrument of claim 7 additionally com- 
prising a drill sleeve carried by said sled so as to 
be perpendicular to said one of the bones when 
said yoke piate is in said second position. 

9. An instrument for measuring the variation in 
tension of a ligament graft extending from a first 
fixation site on a patient's femur through a tibial 
tunnel toward a second fixation site on the patient's 
tibia, comprising; 

a yoke, said yoke carrying means for securing said 
yoke to the tibia; 
a main housing; 

a yoke plate adapted for carrying said main hous- 
ing, said yoke plate being rotatable connected to 
said yoke such that said main housing is in line 
with the tibial bore when said yoke plate is in a first 
position and is parallel to the tibia when said yoke 
plate is in a second position; 
a sled slidably carried by said main housing; 
a drill sleeve carried by said sled and having a 
portion thereof adapted to receive a loop formed in 
the end of the ligament graft; 



means for adjusting the position of said sled rela- 
tive to said housing so as to place a desired 
degree of tension on the ligament graft; and 
transducer means associated with said means for 
5 adjusting for measuring changes in tension from 
said desired degree as the tibia is moved relative 
to the femur. 

10. A method of measuring the variation in 
tension of a ligament graft extending through a 

io bore between a first and second fixation sites posi- 
tioned on first and second articulated bones, re- 
spectively, comprising the steps of: 
positioning an alignment device on a footplate; 
using the alignment device to position the footplate 

75 relative to the bore; 

securing said footplate to one of the first and 
second bones; 

removing said alignment device and connecting a 
housing carrying a sled, means for adjusting the 

20 position of said sled relative to said housing, and a 
transducer to said footplate; 
connecting the ligament graft to said sled; 
adjusting the tension on the ligament graft to place 
a desired degree of tension on the ligament graft; 

25 and 

measuring changes in tension from said desired 
degree as the first and second bones are moved 
relative to one another. 

30 Amended claims in accordance with Rules 86(2) 
EPC. 

securing said footplate to one of the first and 

second bones; 
35 removing said alignment device and connecting a 

housing carrying a sled, means for adjusting the 

position of said sled relative to said housing, and a 

transducer to said footplate; 

connecting the ligament graft to said sled; 
40 adjusting the tension on the ligament graft to place 

a desired degree of tension on the ligament graft; 

and 

measuring changes in tension from said desired 
degree as the first and second bones are moved 
45 relative to one another. 

11. The method of claim 10 wherein the step of 
securing includes the step of driving spikes carried 
by said footplate into one of the first and second 
bones. 

so 12. The method of claim 10 wherein the step of 
securing includes the step of inserting two crossed 
Kirshner wires. 

13. The method of claim 10 wherein the step of 
connecting the ligament graft includes inserting a 

55 drill guide sleeve carried by said sled through a 
loop in the end of the ligament graft. 

14. The method of claim 13 additionally com- 
prising the step of rotating said main housing with 



7 
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respect to said footplate so that said drill guide 
sleeve is perpendicular to said one of the first and 
second bones. 

15. The method of claim 14 wherein the liga- 
ment tension remains constant during rotation of 
the main housing. 
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